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Recently, a realization of the supersonic transport (SST) which can reduce travel time, and of 
the environment-conscious aircraft which can reduce carbon dioxide emission is being expected. 
In this study, to realize these advanced aircraft, optimal aircraft designs are obtained using 
computational fluid dynamics (CFD) analysis and advanced multi-objective optimization methods. 
In addition, by applying dimension reduction technologies, advanced design knowledge is 
extracted. 
Chapter 1 describes the backgrounds of SST, environment-conscious aircraft, advanced multi-
objective optimization, data-mining techniques, and the place of this research. 
Chapter 2 describes dimension reduction technologies to extract design knowledge. In this study, 
proper orthogonal decomposition (POD) and independent component analysis (ICA) are utilized as 
dimension reduction technologies. POD and ICA are applied to non-dominated optimal designs and 
then dominant shape deformation modes can be obtained. A new index to rank the ICA modes and 
new algorithm that suppresses the dependency on the initial values are proposed and then its 
usefulness is clarified. 
Chapter 3 describes a robust design optimization (RDO) of two-dimensional Busemann’s biplane 
airfoil shape. Busemann’s biplane airfoils have been proposed as one of the promising supersonic 
airfoil topologies and can reduce the effect of shock waves. However, the aerodynamic drag 
changes dramatically at off-design flow conditions. Therefore, it is important for the realization of 
the SST to increase the robustness with respect to uncertainties of flow conditions and to extract 
design knowledge of improving the robustness. To obtain robust biplane airfoil shapes, the RDO 
of the two-dimensional Busemann’s biplane airfoil shape is performed. This RDO considers 
uncertain inputs of freestream Mach number and angle-of-attack. In this RDO, robust optimal 
airfoil shapes can be obtained and effects of collisions/reflections of shock waves on the robustness 
can be clarified. The non-dominated optimal designs of this RDO are analyzed using POD/ICA and 
then, it is clarified that a rounded vertex shape at the inner sides of the biplane airfoil is important 
to improve the robustness due to the variation in the freestream Mach number. 
Chapter 4 describes a multi-disciplinary design optimization (MDO) of split-tip-winglet (STW) 
for a transonic aircraft model. The important design requirement for the environment-conscious 
aircraft is to reduce aerodynamic drag as well as weight of aircraft. Although STW reduces the 
induced drag effectively, it also yields an increase in the bending moment of the main wing, and 
then the wing structure weight increases as a result of reinforcing the main wing. Therefore, the 
MDO approach that considers not only aerodynamic drag, but also the weight penalty caused by 
increasing the wing structure weight is important for a realistic STW design. As the result of the 
MDO, non-dominated optimal designs are obtained and then the tradeoff relationship between the 
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fuel weight and wing structure weight is confirmed. The non-dominated optimal designs are 
analyzed using POD/ICA and then, it is clarified that there are two important factors for the 
effective reduction of the induced drag. The first factor is the generation of two vortical regions 
with similar strengths of vorticity near the tips of the main winglet and of small wing. Another 
factor is larger distance between the tips of the main winglet and of small wing since the wingtip 
vortices are further divided by taking larger distance and diffused faster. 
